We study dynamics of nearly elastic particles constrained to move on a line with energy input from the boundaries. We find that for typical initial conditions, the system evolves to an "extraordinary" state with particles separated to two groups: The majority of the particles get clamped into a small region of space and move with very slow velocities; a few remaining particles travel between the boundaries at much higher speeds. Such a state clearly violates equipartition of energy. The simplest hydrodynamic approach fails to give a correct description of the system. PACS numbers: 05.20.Dd, 47.50. +d, 81.35.+k In the study of a many-particle system with interactions, Here e = (1 -r)/2, with r the coefficient of restitution defined by vi -v2 = r(vi -v2). If r = 1, -the collision is perfectly elastic, and if r = 0, the collision is completely sticky. If there is no energy input, all the particles will come to rest after the initial kinetic energy is dissipated through collisions. To see nontrivial dynamics, one has to drive the system. We choose to drive the system by pumping energy from the left side wall. The rule is as follows. When the leftmost particle hits the left wall, it will be returned with a random velocity vo of a Gaussian distribution, -exp( -vo/2To). The collision between the rightmost particle and right wall is perfectly elastic, resulting in no energy change. The above boundary conditions therefore mimic a left wall held at constant temperature and a right wall thermally insulated in a thermodynamic sense.
We study dynamics of nearly elastic particles constrained to move on a line with energy input from the boundaries. We find that for typical initial conditions, the system evolves to an "extraordinary" state with particles separated to two groups: The majority of the particles get clamped into a small region of space and move with very slow velocities; a few remaining particles travel between the boundaries at much higher speeds. Such a state clearly violates equipartition of energy. The simplest hydrodynamic approach fails to give a correct description of the system. [1] . The derivation of the hydrodynamic equations [2] relies on the assumptions that the particles reach local equilibrium with equipartition of energy, and the statistical properties can be simply described by local macroscopic quantities, i.e. , the temperature.
However, as we shall demonstrate that, with the introduction of a very small dissipation in the microscopic dynamics, a many-particle system can reach "extraordinary" states where local equilibrium is destroyed. As this happens, the hydrodynamic approach fails to give a correct picture for the system.
The specific example we shall show in this Letter is a one-dimensional many-particle system in which particles interact via inelastic collisions which conserve momentum but dissipate kinetic energy. Such a model was originally motivated by the studies of granular materials [3 -7] . What do the hydrodynamic equations tell us about our system?
Given the boundary conditions T(0, t) = To, BT/Bx(l, t) = 0, and pu = 0 at x = 0, 1 (no mass Ilow through the walls), the above equations predict that, regardless of the initial condition, the final state is a steady state with no macroscopic flow. This steady state can be solved analytically. The solution is smooth and stable (see Fig. 1 for a typical solution). We note that as e 0 with N fixed, T(x) and p(x) become uniform. We now contrast the prediction of the hydrodynamic equations with our numerical simulation.
We simulate this system by using an event-driven code which searches out where and when the next collision happens [5, 6, 10, 11] . The configuration is updated after each collision. We use a number of particles N and a coefficient of restitution r such that N(1 -r) ( 1, while N is large. Such a restriction is necessary since it is known [5, 12] that, for sufficiently large N(1 -r), one encounters a singularity where a group of particles become so sticky that they collide with each other infinitely often in a finite amount of time.
We start the simulation by generating an arbitrary initial configuration. At the beginning the particles are uniformly distributed.
Only the leftmost particle has a nonzero velocity. Soon all the particles except the leftmost one move toward the right wall. This motion continues until all the N -1 particles are squeezed at the right wall and get "clamped" into a small region. The size of the clamped cluster is very small compared to the dimension of the box, and the particles in the cluster move with a very small velocity. The leftmost particle travels at a relatively much faster speed, v -~T o = 1, between the left wall and the cluster, delivering the energy it gained from the collision with the left wall to the cluster. The collisions between the fast particle and the cluster also provide the necessary pressure to keep the cluster clamped. When the leftmost particle obtains from the left side wall a velocity far less than its typical velocity,~Tp = 1, the cluster then may have time to burst out [ Fig. 2(d) ], and after a transient time, the N -1 particles will again get clamped at the right wall [ Fig. 2(e) ]. Figure 3 shows In this case, N -1 particles are squeezed into a very small cluster, colliding with the fast particle and the wall as if they were just one big particle. Figure 4 plots the center of mass motion of the cluster as a function of time. We see that initially the center of mass accelerates toward the right wall until the cluster hits the wall with a large velocity and bounces back. After several collisions with the right wall and the leftmost particle, the cluster begins a periodic motion. In one period, the cluster first moves with a constant velocity V;" towards the wall~After colliding with the wall, it comes back with a constant velocity V,",.
This velocity is changed back to V;"after the collision with the fast particle. This process repeats with the period equal to the traveling time of the fast particle.
The above state can be understood analytically by using the following simple picture. Consider N -1 particles initially placed close to the wall with zero velocity, label them in order as particle 1, 2, . . . , N -1 with particle 1 closest to the wall. Let particle N incident in from left with unit velocity. Since the collision is nearly elastic, after first collision between particle N and N -1, particle N -1 acquires a large velocity 1 -e, and particle N nearly comes to rest with a small velocity e. Then the next collision will be between particle N -1 and N -2, so on so forth, until particle 2 collides with particle 1, giving particle 1 a velocity (1 -e) ' . This velocity is reversed after the elastic collision of particle 1 with the wall, and the collisions propagate back to particle N and knock it out with a velocity (1 -e) ( '1. This completes the collision of fast particle with the cluster, giving the clus- Ne, Vd -Ne .
To figure out how the center of mass velocity of the drifting cluster is changed due to collisions with the wall, consider simply that the N -1 particles move with some velocity V;" towards the wall. First, particle 1 reverses its velocity by a collision with the wall, then particle 1 collides with 2. The collision propagates until particle We now use the above collision pictures to calculate several quantities in the final state. Since V;"= Vd -V ", and nV;"= V,""we obtain V;"= Vd/(I + n) and V", = nVd/(1 + n). 
